Abstract Haemoglobinopathies including the thalassemias and sickle cell disease are known to be prevalent inherited disorders in most Arab countries with varying prevalence rates and molecular characterisation. β-thalassemia is encountered in polymorphic frequencies in almost all Arab countries with carrier rates of 1-11 % and a varying number of mutations. The most widespread mutation in Lebanon, Egypt, Syria, Jordan, Tunisia and Algeria is the IVS-I-110 (G>A). In the Eastern Arabian Peninsula, the Asian Indian mutations (IVS-I-5 (G>C), codons 8/9 (+G) and IVS-I (−25 bp del)) are more common. The α-thalassemias are encountered in the majority of Arab countries in frequencies ranging from 1 to 58 % with the highest frequencies reported from Gulf countries. The (−α 3.7 ) mutation is the most frequent followed by the non-deletional α2 polyadenylation signal mutation (AATAAA>AATAAG) and the α2 IVS1 5-bp deletion. The rates of sickle cell trait in Arab countries range from 0.3 to 30 %, with the Benin, the Arab-Indian and the Bantu haplotypes constituting the bulk of the haplotypes, leading to two major phenotypes; a mild one associated with the Arab-Indian and a severe one with the Benin and Bantu haplotypes. Public health approaches targeting prevention of haemoglobinopathies in Arab countries include newborn screening for sickle cell disease, and premarital screening for carriers of β-thalassemia and sickle cell disease. These services are still patchy and inadequate in many Arab countries recommending the upgrade of these services with strengthening of the education and training of health care providers and raising public awareness on the feasibility of prevention and care for haemoglobinopathies.
Introduction
Haemoglobinopathies are considered among the most common autosomal recessive disorders affecting humans and are defined by the presence of qualitative and/or quantitative abnormalities affecting the globin chains. Among the qualitative abnormalities, the most common is haemoglobin (Hb)S (β6(A3)Glu→Val) causing sickle cell disease (SCD). The most frequent of quantitative abnormalities with reduced or absent synthesis of α-or β-globin chains lead to α-and β-thalassemias, respectively (Weatherall and Clegg 2001) .
The standard definition of the Arab world comprises the 22 states and territories (UNDP 2012) of the Arab League stretching over more than 13 millionkm 2 from the Atlantic Ocean in the west to the Arabian Sea in the east, and from the Mediterranean Sea in the north to the Horn of Africa and the Indian Ocean in the southeast (Fig. 1 ). It has a combined population of around 350 million people, one third of which is under 15 years of age (World Health Organization 2010) .
The economies of Arab countries vary considerably with GNI per capita ranging from a high of over US$40,000 in Kuwait, Qatar, and UAE, to around US$1,000 in Comoros, Mauritania, Sudan, and Yemen (World Bank 2012) . Health deficits impede human development in many Arab countries and limit scientific research and hence the paucity of data from some Arab countries in this review.
Incidence and prevalence rates of recessive genetic diseases, such as haemoglobinopathies could be influenced by the demographic and cultural characteristics of the population studied. The populations of many Arab countries are characterised by marriage at a young age, large family sizes and advanced maternal and paternal ages. Consanguineous marriage is customary in most if not all Arab communities and intra-familial unions currently account for 20-50 % of all marriages. First cousin unions are especially popular and constitute almost one quarter of all marriages in many Arab countries, particularly the paternal parallel subtype (Bittles 2012; Hamamy and Bittles 2008) . Moreover, Arab populations exhibit significant levels of genetic diversity resulting from the admixture with other populations extending from east and south Asia to Europe and Africa (Teebi and Teebi 2005) and resulting in the present day molecular profile of the haemoglobinopathies which are known to be common genetic diseases among Arabs with reported carrier rates of 1-11 % for β-thalassaemia, 1-58 % for α-thalassaemia and 0.3-30 % for sickle cell trait (Al-Gazali et al. 2006; Alwan and Modell 1997; Haj Khelil et al. 2010; Hamamy and Alwan 1994; Teebi and Farag 1997) .
This high frequency could be related to the selective advantage of carriers against falciparum malaria, to the large family size with multiple affected children, to the high consanguinity rates, to the general low availability of public health measures directed at the care and prevention of these disorders and maybe to other as yet unknown factors.
Despite the high rates of haemoglobinopathies, many Arab countries face major challenges in providing comprehensive and up-to-date care and prevention services due to paucity of resources, presence of other competing priorities of communicable and non-communicable disorders, such as cardiovascular diseases, cancer and diabetes, due to the insufficient number of trained health professionals in this field, and to the inadequate data on the real magnitude, health and economic burden of haemoglobinopathies. Currently, community genetic services, such as newborn screening (NBS), premarital carrier screening, prenatal screening, genetic counselling, education and registries are available in some Arab countries, though, in most, these services remain patchy and selective. Further impediments facing prevention and care initiatives include the low genetic literacy among the health sector and the public with lack of awareness about genetic risks and possibilities for prevention of these disorders coupled by certain cultural, legal and religious limitations, such as the cultural fear of families with genetic diseases to be stigmatised within their community and the legal and religious restrictions to selective abortion of an affected foetus.
To highlight the need for defining priorities to implement care and prevention programs on a community level, this review aims at portraying the epidemiological profile of haemoglobinopathies in Arab countries and the currently available services. Knowledge of the molecular defects allows the development and improvement of diagnostic tests and management protocols for these disorders. (WHO 2012) . Keywords used in the search included the name of an Arab country combined with each of the following search terms: haemoglobinopathies, β-thalassemia, α-thalassemia, sickle cell, NBS, neonatal screening, premarital screening, genetic services, genetic counselling and consanguinity.
Search for relevant data also included the database of the Catalogue for Transmission Genetics in Arabs (Center for Arab Genomic Studies 2012), which covers genetic disorders in Arab populations and is maintained by the Centre for Arab Genomic Studies (CAGS) in Dubai as well as reviewing relevant textbooks.
Epidemiological profile of β-and α-thalassemias in Arab countries β-thalassemia is encountered in polymorphic frequencies in almost all Arab countries with carrier rates ranging from 1 to 11 % as detailed in Table 1 . Heterozygous carriers of β-thalassaemia are usually symptom free. Their haematology is mostly characterised by a mild anaemia, reduced MCV and MCH values (60-70 fL and 19-23 pg, respectively), a raised level of HbA2 (3.5-7.0 %), and normal or slightly elevated HbF. Homozygosity or compound heterozygosity to β-thalassaemia defects will classically lead to the transfusion-dependent β-thalassemia major, which is a health problem in almost all Arab countries. An intermediate clinical phenotype (between the two above extremes) may be induced by a variety of genetic modulators modifying either heterozygous or homozygous β-thalasemia leading to what is labelled as β-thalassemia intermedia (Weatherall and Clegg 2001) .
The α-thalassemias are encountered in the majority of Arab countries in frequencies ranging from 1 to 58 % (Table 1) , with the highest frequencies reported from Gulf countries (Al-Gazali et al. 2006; Alwan and Modell 1997; Hamamy and Alwan 1994; Teebi and Farag 1997) . α-thalassemias could present in one of four clinical phenotypes ranging from a silent carrier state due to a single alpha gene deletion with no or minimal haematological changes and no clinical consequences to a fatal haemoglobin Barts hydrops fetalis due to deletion of all four alpha genes (Galanello et al. 2003) The two other phenotypes are the α-thalassemia minor due to deletion of two genes and haemoglobin H disease due to deletion of three of the four alpha genes leading to a phenotype resembling β-thalassemia intermedia (Weatherall and Clegg 2001) .
The spectrum of β-thalassemia mutations in Arab countries The molecular defects responsible for β-thalassemia are mostly point mutations, and more than 200 of such mutations have been described worldwide. The number of mutations detected in each population varies depending on its origin and interaction with other populations as well as the methods used for characterisation, although generally a handful of these mutations are responsible for the bulk of cases in a particular population. Among Arabs, the heterogeneity of these mutations varies from 44 different mutations in UAE to 10 in Eastern Saudi Arabia (Al-Ali et al. 2005; Baysal 2001 ). The most widespread and common mutation among Arabs is the IVS-I-110 (G>A). The latter mutation has its highest prevalence in Cyprus and Greece (Baysal et al. 1992; Kattamis et al. 1990 ) giving the notion that it maybe of Greek origin. Among Arabs, this mutation is most frequent in Lebanon, Egypt, Syria, Jordan and parts of Saudi Arabia (Table 2) , and it decreases in frequency as we move to the east where it becomes rare in the Eastern Arabian peninsula to be replaced by the Asian Indian mutations (IVS-I-5 (G>C), codons 8/9 (+G) and IVS-I (−25 bp del)) which are most common in Oman, UAE and Bahrain. IVS-I-110 is however, still frequent in Western Arab countries namely Tunisia and Algeria but becomes less frequent as we move west to Morocco (Table 2 ). In the latter North African countries, codon 39 (C>T), becomes the most frequent. Codon 39 is most prevalent in the isolated island of Sardinia and in mainland Italy (Rosatelli et al. 1992) and is also a frequent mutation in the Arabian Peninsula (Table 2) . Other Mediterranean mutations include IVS-I-1 (G>A) and IVS-I-6 (T>C) which have been reported in polymorphic frequencies in most Arab countries, with highest rates in Palestinian territories, Syria and Egypt. On the other hand, the East Mediterranean mutation IVS-II-I (G>A) is more frequent in the Eastern parts of the Arab world adjacent to Iran where its highest world rates are reported (Najmabadi et al. 2001) . Similarly, we see that the Kurdish mutations codons 44 (−C) and 36/37 (−T) seen in northern Iraqi Kurdish population are also frequent in nearby Arab countries like Saudi Arabia, Qatar and Bahrain (Table 2) . Some mutations like codon 6 (−A) are believed to be of North African origin with their highest frequencies in Algeria and Morocco (Boudrahem-Addour et al. 2009; Lemsaddek et al. 2004) . Other mutations with possible origin in Arab countries include IVS-II-745 (C>G) which has its highest frequency worldwide in Jordan (Sadiq et al. 2001) , IVS-I-2 (T>G) almost unique to Tunisia with rates reaching about 20 % (Laradi et al. 2000) and codon 29 (C>T) with rates reaching around 10 % in Lebanon where it may have originated (Makhoul et al. 2005) . Codon 37 (G>A) on the other hand, may have Palestinian origin where rates in excess of 11 % are seen (El-Latif et al. 2002) , and (Hassan et al. 2003) 4.4 % in Baghdad, central Iraq (502) (Yahya et al. 1996) 3.7 % in Dohuk, northern Iraq (1,182) (Al-Allawi and Al-Dousky 2010)
1 % in Baghdad (502) (Yahya et al. 1996) 4.14 % in Sulaimania, northeast Iraq (1,472) (Jalal et al. 2008 ) Jordan 3.04 % (1,020) (Babiker et al. 1999) 2.26 % in Badia region (1,020) (Babiker et al. 1999 ) 5.93 % (2,858) (Sunna et al. 1996) 3.1 % in North Jordan (1,000) (Bashir et al. 1992 ) 3.5 % (1,000) (Bashir et al. 1992) 3.5 % in Jordan valley (456) (Bashir et al. 1991) 3.3 % (456) (Bashir et al. 1991 ) Kuwait 3 % (Galanello et al. 2003) 26.5 % (94) (Diejomaoh et al. 2000) 4.6 % (345) (Simsek et al. 1993 (Rajab et al. 2000) 38.9 %. (White et al. 1986 ) 1.5 % (1,000) (White et al. 1993) 48.5 % (7,837) (Alkindi et al. 2010) 2.8 % (7,837) (Alkindi et al. 2010) 58.3 % (87) (Hassan et al. 2010 ) 2.4 % (790) (White et al. 1986 ) Palestinian territories 4.3 % (1,650) (Sirdah et al. 1998) 3.5 % in West Bank (Darwish et al. 2005 ). 2.6 % in Gaza (21,825) (Tarazi et al. 2007 ) Qatar 8.85 (712) (Tremblay et al. 2011 ) Saudi Arabia 3 % (840) (Ganeshaguru et al. 1987) 28 % in Al-Qatif and 16.3 % in Al-Hasa (12,220) (Nasserullah et al. 1998) 3.22 % (488,315) (Alhamdan et al. 2007) 43.3 % (840) (Ganeshaguru et al. 1987 (Mseddi et al. 1999) 2 % all Tunis and 4 % Northern Region (304) (Zorai et al. 2002) 7.38 % (529) (Siala et al. 2008 ) UAE 1.7 % (4,221) (White et al. 1986) 49 % (418) (Baysal 2001; El-Kalla and Baysal 1998; Haj Khelil et al. 2010) (White et al. 1986) IVS-II-848 (C>A) may have Egyptian origin with a reported rate of 11 % (Hussein et al. 1993) .
A limited number of studies utilised RFLP and sequence haplotypes in attempts to determine the origin and history of various β-thalassemia mutations in some Arab countries, particularly in Lebanon and North Africa. Table 3 outlines the RFLP haplotypes associated with common β-thalassemia mutations reported in some Arab countries. It shows that in the majority of cases, each mutation is associated with mainly one particular haplotype in various countries and this is consistent with a common origin. The following is a brief overview of the available data:
& IVS-I-110 was found to be associated with a single RFLP haplotype (haplotype I) in Lebanon, in the Palestinian territories and in Tunisia, similar to the findings from Cyprus (El-Latif et al. 2002; Filon et al. 1994; Flint et al. 1993; Makhoul et al. 2005) . Haplotype I is also the predominant of two haplotypes seen in Egypt, Morrocco and Algeria (Flint et al. 1993; Haj Khelil et al. 2010) . IVS-I-110 is associated with four RFLP haplotypes (I, II, IV and IX) in Turkey, suggesting that it may have originated in Turkey (Anatolia) probably in the Neolithic period, and then spread to other parts in the Eastern Mediterranean area and North Africa by the Greeks, Phoenicians or later by Othmans (Haj Khelil et al. 2010; Tadmouri et al. 2001; Tadmouri and Gulen 2003) . Sequence haplotypes have supported the latter suggestion since it was found that IVS-I-110 was associated with six haplotypes in Turkey, two in Lebanon and two in Algeria and Tunisia (Haj Khelil et al. 2010; Perrin et al. 1998; Tadmouri et al. 2001; Zahed et al. 2002) . & Codon 39 is a Western Mediterranean mutation of possibly a Roman origin, having its highest worldwide prevalence in Sardinia where it is associated with nine different haplotypes (Pirastu et al. 1987) . Its distribution in the Arab world is more or less consistent with the reign of the Roman Empire, which extended up to the fifth century BC. It is associated with a single RFLP haplotype in Palestinian territories and Lebanon (haplotype II, which is also the most common haplotype in Sardinia) and with three, four and six haplotypes in Morrocco, Algeria and Tunisia, respectively (Agouti et al. 2008; El-Latif et al. 2002; Haj Khelil et al. 2010; Makhoul et al. 2005) . The latter has led Haj Khelil and her co-workers to suggest a possible local origin of this mutation in North Africa (Haj Khelil et al. 2010) . & IVS-1-6 was found to be associated with multiple haplotypes in Lebanon (VI, VII and I) compared with its relative homogeneity in European populations where it is also frequently encountered, suggesting a possible ancient Eastern Mediterranean origin (Flint et al. 1993; Makhoul et al. 2005) . & IVS-1-1 has its highest frequency in eastern Europe (Henderson et al. 2009 ) and it is seen in association with haplotype V in Lebanon and Palestinian Arabs but with multiple haplotypes including V in North Africa probably reflecting independent origins in these two parts of the Arab world (El-Latif et al. 2002; Haj Khelil et al. 2010; Makhoul et al. 2005) . & IVS-II-1 has been linked to different haplotypes in various parts of the world. It is associated with haplotypes III in Lebanon and I and III in Palestinian Arabs (Makhoul et al. 2005; El-Latif et al. 2002; Filon et al. 1994) . It was linked to multiple haplotypes (mainly III, but also I, II, V, X and atypical) in Iran where it has one of its highest frequencies worldwide (Najmabadi et al. 2001; Rahimi et al. 2003) . The latter together with almost restricted occurrence in Eastern Arab countries neighbouring Iran, suggests possible origin from the latter country, mostly during the reign of the Persian Empire. & IVS1.5 is an ancient Asian Indian mutation having its highest frequencies and highest haplotype diversity in the Indian subcontinent (Gupta et al. 2003) . The commonest haplotype among Asian Indians is haplotype VII, which is the only haplotype with which it is associated among the Lebanese, confirming Asian Indian origin in the latter Arab population (Flint et al. 1993; Makhoul et al. 2005 ). To our knowledge, no studies of haplotypes associated with this mutation have been reported from eastern Arabian Peninsula where it is most frequent, though its distribution in the latter region is consistent with the strong trade links between this region and Indian subcontinent throughout history.
Further studies are still required to determine the haplotypes associated with various mutations in other Arab countries to have a better understanding of the origin and spread of these mutations in the Arab world.
Deniz is an electronic database for thalassemia mutations in the Arab world which catalogues the frequencies of β-thalassemia mutations in 14 Arab countries derived from the analysis of 3,138 chromosomes by 36 laboratories. Of the 57 β-globin gene mutations reported in Arabs, IVS-I-110 (G>A), IVS-I-5 (G>C), IVS-I-6 (T->C), IVS-II-1 (G>A) and IVS-I-1 (G>A) are the most encountered and they account for approximately two thirds of the Arab chromosomes registered in Deniz (Tadmouri and Gulen 2003) .
The spectrum of α-thalassemia mutations in Arab countries
In contrast to β-thalassemias, α-thalassemias are mostly due to deletions involving one or both α-genes leading to α + or α 0 defects, respectively. However, several non-deletional defects have been noted in considerable frequencies in some parts of the world including some Arab countries (Harteveld and Higgs 2010) . Among Arabs the most frequent mutation detected in all reports up to date is the (−α 3.7 ) also called the rightwards deletion which is due to the deletion of a 3.7 kb fragment leaving practically one functional α gene and therefore an α + defect (Table 4) . Other frequently encountered mutations among Arabs include the non-deletional α2 polyadenylation signal mutation (AATAAA>AATAAG) and the α2 IVS1 5-bp deletion. The former mutation which was first described among Saudi Arabs and thus labelled the Saudi polyadenylation signal mutation leads to a more severe α + defect than the single gene deletion and is denoted as (α polyA1 α) or (α PA−1 α). The α2 IVS1 5 bp deletion (c.95+2_95+6delTGAGG) removes five nucleotides from donor IVS-I leading to failure of stable mRNA formation (Orkin et al. 1981) and is labelled as (α ) (leftwards deletion) and Hb Constant Spring (a termination codon mutation) were reported, though infrequently, in several studies from Arab countries ( Table 4 ). The α 0 defects on the other hand, are either absent or seen only sporadically in most Arab countries and therefore Hb Bart's hydrops fetalis (homozygosity to an α 0 defect (− −/− −)) is almost absent (AlAllawi et al. 2010b), while HbH (usually due to compound heterozygosity to and α 0 and α + ) is not common. Thus in many Arab countries, particularly in the Arabian Peninsula, the majority of cases of HbH disease are actually due to homozygosity to the common polyadenylation signal mutation (α polyA1 α/ α polyA1 α) (Adekile et al. 1994; El-Kalla and Baysal 1998; Haider and Adekile 2005; Hellani et al. 2009) The SCD in Arab countries Over the generations, the HbS gene has reached high frequencies in regions with past or present history of malaria endemicity due to the selective advantage of carriers to falciparum malaria. However, population migration has played a major role in distributing HbS gene even to malaria non-endemic regions. SCD is most common among people from Africa, India, the Caribbean, the Middle East and the Mediterranean. The rates of sickle cell trait in Arab countries range from 0.3 to 30 % (Table 5) . SCD is a symptomatic condition resulting from the tendency of red cells to sickle upon deoxygenation due to the presence of HbS. It could be due to homozygosity of HbS (sickle cell anemia-SS) or compound heterozygosity to β-thalassemia and sickle gene (Lal and Vichinsky 2011) . Worldwide, the β S gene has been found to be associated with five different major β-globin cluster haplotypes, which 
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Agouti et al. Bennani et al. (1994) and Rouabhi et al. (1988 ) Flint et al. (1993 and Haj Khelil et al. (2010 favours its multicentric origin (Kulozik et al. 1986; Serjeant 1989) . These haplotypes are named in reference to their supposed places of origin and include: the Benin (Central West Africa), Senegal (West Africa), the Bantu (Central, East and Southern Africa), the Cameroon and the Arab-Indian haplotypes (Arabian Peninsula and India). These haplotypes are important determinants of disease severity and HbF levels in patients with SCA, with the Arab-Indian and Sengal haplotypes being associated with higher HbF levels and milder clinical presentation in homozygous patients. On the other hand, the other three haplotypes are associated with low HbF and more severe clinical phenotypes with the Bantu haplotype being the most severe (Ogedegbe 2007) . Among Arabs three of the five major haplotypes constitute the bulk of the haplotypes associated with the β S mutation. These haplotypes are the Benin, the Arab-Indian and the Bantu haplotypes, while the other two haplotypes are sporadic (Table 6 ).
Thus and as anticipated, it would be expected to find two major phenotypes among Arabs, a mild one associated with the Arab-Indian and a severe one with the Benin and Bantu haplotypes. Table 6 shows the distribution of the three major haplotypes in various Arab countries and clearly shows that in the Eastern Arabian Peninsula, the Arab Indian haplotype is most frequent, while among other Arab countries in Eastern Mediterranean and North Africa, the Benin haplotype predominates. This distribution is probably best explained by the supposed origin of the sickle cell mutation, with the Arab-Indian mutation originating in the Indus valley on the Indian subcontinent and subsequently spreading to Iran and Eastern Arabian Peninsula through trade routes and historical interactions (Daar et al. 2000; Rahgozar et al. 2000) . The Benin haplotype on the other hand, has originated in Central West Africa and then spread vertically via population movement by trans-Saharan migration to North Africa and thence across the Mediterranean Sea to Bahrain Among 97 α-thalassemia chromosomes, the most common was the (α poly A1 α) (53 %), followed by (− α )and 4.2 % were undetermined (Haider and Adekile 2005) Of the 30 chromosomes from 15 patients with HbH disease, 86.7 % carried the (α polyA1 α), 10 % had (−α 3.7
), and 3.3 % had the (α −5nt α) (Adekile et al. 1994) Saudi Arabia
Among 41 patients suffering from microcytic, hypochromic anemia from the eastern province, the most common alpha determinant was the (−α 3.7 ) in 64 % followed by the (α poly A1 α) in 41 % (Hellani et al. 2009) A study to determine the deletional forms of α-thalassemia revealed that the (−α/αα) varied between 9.6 and 38.8 %, while the (−α/-α) ranged from 5 to 12.7 % in various regions of the kingdom (El-Hazmi and Warsy 1999) In Eastern region, it was found that 45 % carried the (−α ) was the most common defect (4.5 % allele frequency) followed by (α poly A1 α) in 1.8 %, while (α /αα), 0.7 % each for (α polyA1 α/αα) and (α CS α/αα). Other sporadic mutations included (α polyA2 α/αα). In 22 patients with HbH disease or HbH-like syndrome, 9 were (α polyA1 α/−α 3.7
), 6 were homozygous for the (α polyA1 α) mutation, 2 were homozygous for Hb CS, and 5 were compound heterozygous for either (α polyA1 α), (α Southern Europe and the Eastern Mediterranean region (Serjeant 1989) . Another possible explanation is a direct spread from Africa through the red sea to Western part of Arabian Peninsula and from there to other Arab countries, via slave trade or immigration. However, the possibility of an independent origin of any of the above haplotypes in Arabs cannot be ruled out (Serjeant 1989) .
Community genetic services addressing haemoglobinopathies in Arab countries
The published data on care and prevention services for haemoglobinopathies in Arab countries are quite scanty. An idea about the facilities provided can be obtained from research papers published in local or international journals. 
NBS for common haemoglobinopathies in Arab countries
NBS for haemoglobinopathies allows the identification of affected infants soon after birth promoting tertiary prevention through prophylactic treatment and comprehensive care prior to the development of clinical complications. Neonatal screening for sickle cell anaemia with the early institution of prophylactic penicillin use and pneumococcal vaccination helps in reducing the rates of mortality from infections. Identification of sickle cell carriers points to couples at risk of having affected children who could be offered prospective genetic counselling and information on future reproductive options and feasible prevention measures including PND. NBS programs for sickle cell anaemia and trait have been implemented in a number of Arab countries providing important data on birth rates and allowing both the prophylactic management of diseased infants and counselling for carrier parents.
The national NBS program for haemoglobinopathies in Bahrain funded by the national budget was implemented in A study on 7,837 consecutive cord blood samples from April 2005 to March 2007 in Oman showed that 429 neonates were carriers for HbS (5.48 %) (Alkindi et al. 2011) . The samples also showed the presence of Hb Barts indicating the presence of α-thalassemia genes in 48.5 % of the neonates though no case of HbH was detected (Alkindi et al. 2010) .
In a prospective study, cord blood samples from 504 neonates from the Qatif area of the Eastern Province of Saudi Arabia were analysed by complete blood counts and cellulose acetate Hb electrophoresis with confirmation of HbS by citrate agar Hb electrophoresis. The prevalence of α-thalassaemia was reported as 40 % and the sickle cell gene was seen in 23.4 % of cord blood neonatal samples (Quadri et al. 2000) .
In Tunisia, a pilot study conducted over a one year period in two Tunisian maternity hospitals with screening of 9,148 newborns for HbS showed that 76 cases were sickle cell carriers (1.9 %) and one case had SCD. This pilot experiment has demonstrated the feasibility of SCD neonatal detection using a lower cost method where blood samples were collected using a Whatman A4 paper sheet and the tests were done using isoelectrofocusing. This method also (1998) allowed detection of other main structural Hb variants (Hajer et al. 2012 ).
In the UAE, sickle cell anaemia screening at birth was implemented in 2001 in Abu Dhabi Emirate only (Al-Gazali et al. 2005 ).
Carrier screening programs for common haemoglobinopathies
Community-based haemoglobinopathies care and prevention strategies which include mass education campaigns, carrier screening and genetic counselling have proved highly acceptable in a wide range of cultural settings and have led to a marked fall in the number of children born with these disorders (Samavat and Modell 2004) . Premarital screening program (PMS) is a comprehensive program that tests those who are planning to get married for various inherited or acquired disorders. A major obstacle to implement a successful screening program in Arab countries is the general low awareness regarding genetic diseases and the feasibility of their prevention. The various practices of premarital screening are burdened with social and ethical dilemmas including stigmatisation, privacy and autonomy which implies that carrier screening programmes and the associated services should be implemented in a manner that respects the population's religious and cultural views (WHO 2006) .
The objective of premarital screening to detect haemoglobinopathy carriers of is to offer couples who are at a high risk of having an affected baby the information on all aspects of the condition including care and prevention options that enable the couple to make an informed reproductive decision and choice. Community programs for premarital screening to detect haemoglobinopathies carriers have been initiated in a number of Arab countries including Bahrain, Iraq, Jordan, Oman, Palestinian territories, Saudi Arabia, Tunisia and the UAE.
Although carrier screening programmes should be strictly voluntary, many Arab countries are currently implementing mandatory PMS to detect β-thalassemia carriers. However, these programs maintain the autonomy of decision for the couple after delivery of results, including the decision to proceed with the marriage plan, reproduction decisions and decisions to go through PND with or without selective termination of an affected foetus.
A service for premarital counselling was initiated in Bahrain in 1992 and was voluntary in the first few years where 20 % of the married couples attended premarital counselling. In 2004, a law was issued by the king of Bahrain where PMC became mandatory, while at the same time, the decisions on marriage and reproduction choices remain strictly the decisions of the couples themselves after receiving confidential counselling sessions. A study assessing knowledge on SCD among 2,000 persons selected from the general public showed that 93 % had heard of SCD, with 84 % recognising it as a hereditary condition while 89 % knew that it can be diagnosed by a blood test (Al-Arrayed and Al-Hajeri 2010). As part of the National Student Screening Project to determine the prevalence of genetic blood disorders and raise awareness among young Bahrainis, 11th-grade students from 38 schools (5,685 students) were screened and provided with organised lectures and leaflets about these disorders (Al-Arrayed et al. 2003) .
β-thalassemia is the most frequent haemoglobinopathy in Egypt with a carrier rate of 5.3-9 % and an estimated 1,000 infants born each year with β-thalassaemia major among the national 1.5 million live births. The estimated average financial cost for β-thalassaemia management in Egypt is $10 million/year and is on the increase. The registered cases of β-thalassaemia in the main centers in Egypt are 9,912 patients with the highest numbers in the haematology unit of the New Cairo University Children Hospital (El-Beshlawy and Youssry 2009). Carrier detection by premarital and/or early antenatal screening for thalassemia is not mandatory and not widely applied in Egypt with few limited attempts in the domain of prevention of thalassemia implemented in some centers in Egypt. Screening for β-thalassemia carriers among Egyptian school-age children from different geographical areas was implemented from 1993 to 2005. There are, however, a limited number of available premarital screening centres that are generally difficult to access by the public and their services are considered too costly by most of those who need them (El-Beshlawy and Youssry 2009).
β-thalassemia is a common inherited haematological disorder in Iraq, with an average prevalence of carriers of about 4 % and an estimated 15,000 registered thalassemia major/ intermedia patients throughout the country. The huge burden on the already precarious resources by this huge number of patients has led the health authorities to search for a prevention strategy. In the Kurdistan region in the north of the country where around 20 % of the population of Iraq reside, pilot studies were initiated in 2006 to determine the service indicators for β-thalassaemia prevention and the molecular basis of this condition in the region (Al-Allawi et al. 2006; Al-Allawi and Al-Dousky 2010; Jalal et al. 2010 Jalal et al. , 2008 . These studies showed that a PMS was feasible and after consultation with the religious scholars in the region, the local government took a decision to make premarital screening for haemoglobinopathies mandatory by law (Al-Allawi 2008) . The program of β-thalassaemia premarital screening for carrier detection was implemented in 2008 by all health authorities in the Kurdistan region, based on the principles of premarital screening, counselling and PND. Preliminary results of the first 3 years (2008) (2009) (2010) revealed that more than 115,000 individuals were screened and 3.7/1,000 of the couples were identified to be at risk of having children with a major haemoglobinopathy. Of couples at risk, 91 % proceeded with their marriage as scheduled. Of the latter 38 % sought PND in early pregnancy by chorionic villus sampling. The remaining couples either did not seek PND or came late in second trimester, when it is not permissible to perform selective abortion. All couples who underwent PND and had an affected foetus chose to terminate pregnancy (Al-Allawi 2011). The main problems facing the program included the limited awareness of the population on inherited disorders, the high rate of consanguineous marriage (24-27 %), the cost of PND (which is not fully covered by the local authorities) and the limited time between mandatory testing and the actual marriage limiting annulations of marriage plans due to social reasons. Moreover, some couples were not convinced by the results of the screening test given to them. On the other hand, religious beliefs had a limited impact on decisions related to the selective termination of pregnancies with affected foetus.
The program of national mandatory premarital screening for β-thalassemia carriers in Jordan was officially launched in June 2004 after obtaining the consent of the Kingdom Mofti (the highest religious figure in the Kingdom). The basic objectives of the program included primary prevention, as well as early and effective management of affected. The program undertakes screening by estimation of MCV for both partners of the couple contemplating marriage. The report given to the couple following the screening test does not show the results of the test so as to ensure confidentiality. If both partners of the couple prove to have MCV levels pointing to their possible carriers status, their blood samples are further analysed by haemoglobin electrophoresis to estimate the haemoglobin A 2 level. If both partners of the couple are diagnosed as carriers, they are provided with genetic counselling explaining their risk of having an affected child and the available prevention measures before giving them the report that is required to certify their marriage. Genetic counselling helps the couple reach the autonomous decisions governing their future marriage plans and reproductive options with no coercion from the health personnel . Some couples decide to separate especially if the marriage is an arranged marriage. Misconceptions of the carrier status are expected to arise with inevitable stigmatisation, particularly for the female partner. Among 48 at-risk couples screened in 2006, three carrier couples were known to have separated before marriage; however, the exact number is not known, and the outcome of those who decided to marry in spite of the risk is also not known ).
The first community genetic service in the Sultanate of Oman was established in 1999 as the national program for the control of genetic blood disorders. It is an integrated strategy combining the best possible patient care, as a first objective, coupled with community education, high-risk population screening and genetic counselling. The program was implemented by regional teams with an administrative setup adequately trained to provide quality care, premarital screening for carrier detection, counselling, health education and data collection (Rajab and Jaffar 2008) .
In September 2000, Palestinian West Bank and Gaza adopted a prevention program of obligatory premarital screening for β-thalassaemia carriers among couples contemplating marriage before issuing a marriage certificate. Taking into account social concerns, males were tested initially and the female partner was invited for testing only if her male partner had the basic parameters suspicious of a β-thalassaemia carrier status. From April 2003 to May 2005, 21,825 blood samples from 19,712 couples were collected and analysed. Both partners were carriers in 19 couples, among which, 14 couples decided to separate while five continued with their marriage plans. According to the working protocol of the program, carrier couples were counselled by social and medical specialists. They were given the test results and received genetic and social advice regarding the cancellation of the marriage process because of the possible deleterious consequences on their offspring. If the carrier couple refused to cancel their marriage then both partners had to sign a declaration that stated that they had undertaken the premarital tests, that both were carriers for β-thalassaemia and that both had been counselled by specialists and advised to discontinue the marriage process and seek a new partner. Since the implementation of this program, there has been a reduction in the officially registered births of children with β-thalassaemia major in Gaza strip from 15 births in the year 2000 to 4 births in the year 2005 (Tarazi et al. 2007) .
In Saudi Arabia, a national PMS for the most prevalent disorders (thalassemia and sickle cell anaemia) was initiated in 2004 on a voluntary basis in all regions of Saudi Arabia and became compulsory in 2005 where all couples contemplating marriage have to be screened for carrier status before issuing their marriage certificate (Al-Sulaiman et al. 2010 ). In a cross-sectional, population-based study conducted as part of the national PMS program which covered 207,333 couples applying for a marriage license from February 2004 to January 2005, 2,375 (2.14 %) were declared high risk couples because both partners in a couple were diagnosed to be carriers for a haemoglobinopathy (sickle cell, β-thalassaemia). Of the latter 89.6 % proceeded with their marriage plans. The paper suggests that if the timing of screening was modified to a timing that is well ahead of the arrangements and date of marriage, the number of couples who may decide to separate would be higher (Alhamdan et al. 2007 ). In another cohort of 129 at-risk individuals who received counselling following premarital screening for haemoglobinopathies, 127 (98 %) decided to proceed with their planned marriage following counselling.
The reasons given for their decisions to proceed with the marriage included the commitment to previous family agreement and family pressures (48 %), existing love story (34 %), not being convinced by the PMS results (5 %) and other reasons (13 %). Among the children born within these marriages, 15 % were diseased. The authors suggest that despite the fact that the majority of the participants in this study continued with their marriage, the PMS program is an effective tool for the identification of high-risk population to give them the knowledge for early detection of the disease in their children where more than 50 % of the families screened their children for the targeted diseases for early identification and management. The compliance with the results of this program is increasing with the updated reports from Ministry of Health in Saudi Arabia indicating that the percentage of couples proceeding with their marriage plans dropped to 60.2 % over 2 years (Al-Sulaiman et al. 2010 ). Among 1.5 million marriage proposals, the frequency of voluntary cancellation of marriage plans among at-risk couples showed more than 5-fold increase between 2004 and 2009 (from 9.2 to 51.9 %). Marriage certificates were issued irrespective of the results and compliance with medical advice was voluntary (Memish and Saeedi 2011) . In another study, the marriage status of 934 at-risk couples was determined from the original screening program records in the Ministry of Health showing that 824 married (88.2 %) and 110 (11.8 %) did not. Among 104 at-risk couples who did not proceed with their marriage plans, 28.8 % knew their disease or carrier status before screening compared with 18 % of the 478 at-risk couples who proceeded with their marriage. Couples proceeding with marriage plans said that it was too late to cancel their wedding plans and that they feared social stigmatisation. The at-risk couples who did not marry reported being influenced by prior knowledge of their disease or carrier status and knowledge of the disease in affected family members. Approximately half of all studied at-risk couples (46.4 %) thought that it is best to undergo screening before proceeding with the engagement and wedding plans. Marriage decisions among the 27.6 % of couples who received genetic counselling services did not differ significantly from those who received no counselling. Strengthening public health education and knowledge on genetic diseases, especially before individuals plan to marry through mass media messages and through the school curriculum was recommended. Conducting the premarital screening well in advance of the marriage arrangements and wedding plans is crucial to avoid the social embarrassment of cancelling the marriage. One option to be explored is the introduction of screening during secondary school years (Alswaidi et al. 2012) .
In the UAE, premarital genetic counselling, mainly for thalassaemia and sickle cell anaemia, is offered at two primary health care centres in Abu Dhabi within the genetic clinics. Premarital testing for these disorders is encouraged by the government but is not mandatory. However, the option of selective abortion of an affected foetus is not legal in the UAE and therefore not available to at-risk couples (Al-Gazali et al. 2005 ).
Prenatal genetic diagnosis for haemoglobinopathies in Arab countries
PND is recognised as an important option for the prevention of serious genetic diseases for couples with an increased genetic risk in most developed countries. There are several ethical, legal, social and religious implications regarding pregnancy termination of an affected foetus. Some of these implications are unique to Arab countries.
Amniocentesis and chorionic villus sampling for obtaining foetal cells can be performed by skilled and experienced obstetricians in many Arab countries, and most molecular laboratories are capable of diagnosing single gene disorders, such as the haemoglobinopathies. However, there is a diversity of opinions among Islamic institutions on the issue of pregnancy termination, ranging from an absolute prohibition of abortion at any time to permission for pregnancy termination before the 120th day of gestation under specific circumstances. All Arab countries permit abortion to save the life of a pregnant woman, but otherwise they differ quite widely in their legal indications for selective termination of a pregnancy with a severely affected foetus (Al-Aqeel 2007), in Tunisia, for example, selective abortion of an affected foetus is permissible under civil law (Chaabouni et al. 2001) .
PND for β-thalassemia in Egypt showed that in 14 out of 22 PND, the parents chose to continue pregnancy (selective termination of pregnancy rate was 36.3 %). The mean gestation period at the time of PND was 14 (10-18) weeks. All mothers had a previous affected pregnancy, and 13 had two or more previous affected pregnancies (Elgawhary et al. 2008) . On the other hand, a more recent study presenting the current status of the PND services and results from the largest thalassaemia centre in Egypt treating 3,000 patients showed that all 24 women who underwent prenatal testing and received a diagnosis that the foetus is affected by β-thalassemia major opted for pregnancy termination. The study demonstrated that PND is feasible and acceptable in Egypt, a Muslim country, provided an in-depth discussion, which also addresses the religious considerations of prevention, is held with the couples (El-Beshlawy et al. 2012) . A prestructured questionnaire was administered to families in Saudi Arabia who have children affected by a major haemoglobinopathy to assess their attitude and acceptability of PND and selective termination of affected foetus. Among the 32 families who were interviewed, the majority accepted PND (81.3 %). The attitude towards abortion was, however, greatly influenced by religious values (Alkuraya and Kilani 2001) . In Lebanon, 83 couples at risk for a haemoglobin disorder in their children, mostly β-thalassaemia were interviewed to evaluate their attitude towards first-trimester PND. Fifty-nine per cent of the couples were in favour of PND, 23 % were uncertain at the time of the interview and 18 % were opposed to such testing, because of their religious conviction against termination of a pregnancy. Another important factor which seems to influence choice was the cost of the test (Zahed and Bou-Dames 1997) . Among another group of families having thalassemia major children, the majority were in favour of a preventive approach based on heterozygote screening and the possibility of PND (Der Kaloustian et al. 1987) .
Among 88 at-risk couples from the West Bank and Gaza, 130 prenatal samples assessing β-thalassemia major in foetus from January 1999 to July 2005 were drawn. Samples showed 25 (19.2 %) cases of β-thalassemia major, 67 (51.5 %) cases of β-thalassemia carriers and 38 cases (29.2 %) of unaffected homozygotes. The 25 affected foetuses were aborted according to the wishes of the parents indicating a very good acceptability for PND of β-thalassemia in afflicted families (Ayesh et al. 2005) Preimplantation genetic diagnosis Unlike PND, preimplantation genetic diagnosis (PGD) offers couples an option that avoids the difficult decision of selective termination of an affected pregnancy. PGD is a process in which embryos developed by in vitro fertilisation (IVF) are tested for particular genetic diseases before being implanted in the uterus. PGD has been proposed as a valuable alternative to PND. PGD is permissible in Islam provided the sperms and oocytes are from the husband and wife (Al-Sulaiman et al. 2010) .
The acceptability of PGD has been explored in some studies in Saudi Arabia which is at present the only Arab country where PGD is available. Thirty couples attending the King Faisal Specialist Hospital and Research Centre in Riyadh were interviewed using a semi-structured questionnaire. Eight of the 30 couples (27 %) would only accept PGD, four (13 %) only PND, three (10 %) either technology and the remainder would accept neither or were unsure. The main concerns of those who would accept neither technology were related to personal religious views. Specific concerns about PGD were related to the IVF procedure, the risk of multiple pregnancies, the chance of mistakes and the chance of not getting pregnant. A high proportion of couples (six out of seven; 86 %) who had a child with thalassemia expressed interest in PGD, and all would be prepared to use this technology to avoid having an affected child (Al-Sulaiman and Hewison 2006) . For PGD families, the most stressful aspect of the whole procedure was the psychological stress of waiting to learn if pregnancy had been established. PGD is not an easy option for families, and counselling services are needed to advise, prepare and support them through all the difficult stages that the technology entails (Al-Sulaiman et al. 2010) . In Lebanon, 97 women with a previously affected thalassemic child were offered a genetic counselling session followed by administering a questionnaire through direct interview. Sixty-eight per cent of women considered PGD a better alternative to PND. The most important perceived advantage of PGD was the avoidance of termination of an affected pregnancy (Farra et al. 2008) 
Conclusions and recommendations
The considerable challenge posed by the high prevalence rates of haemoglobinopathies in Arab countries calls for the development of care and prevention national programmes through the establishment of public health services that do not require sophisticated technical facilities but are primarily based on strengthening the training of health professionals and on public education. The strategies adopted should, however, be carefully selected to match the unique demographic, cultural and religious characteristics of each population and take into consideration the priorities set and the resources available. Community services that have proven their efficacy in lowering the prevalence rate of β-thalassemia and SCD while at the same time offering timely management include NBS and premarital screening to detect carriers of these disorders coupled with genetic counselling. However, experience in some countries had shown that if options are not made available to carrier couples, such programmes will not be effective in reducing the burden of haemoglobinapathies. In particular, the issue of selective termination of an affected foetus remains fraught, with marked attitudinal differences between countries involving both the religious and legal authorities and families who are directly affected. Some studies have recommended screening for carriers of haemoglobinopathies among high school students, ahead of marriage arrangements. Prerequisites for considering such options would be to raise awareness through targeted education of the public. Given the knowledge barrier experienced by many health care providers in the implementation of health interventions at community level, structured courses and educational campaigns to train and educate primary health care workers in premarital, preconceptionl and prescreening counselling should be considered essential components of any national strategy for the prevention of haemoglobinopathies. Knowledge of the molecular defects in each country allows the development and improvement of diagnostic tests and management protocols for these disorders.
